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Abstract

The current emphasis on increasing the Air Force's

war-fighting capability has pushed reliability to the fore-

front. One successful method used to increase the reliabil-

ity of satellite systems is the use of expensive, but highly

reliable, class S electronic parts as opposed to the class B

parts normally used in avionics and ground electronic

systems. Using MIL-HDBK-217D, the author predicted range of

potential gains in reliability caused by substituting class

S parts for class B parts for five avionics systems. Then

the cost versus quantity relationship was used to calculate

potential costs for quantity buys of class S parts. MITRE's

Milstar life cycle cost (LCC) model was used to calculate

the change in LCC due to the higher reliabilities and new

acquisition costs. The research found that significant LCC

savings were possible when class S parts were substituted

for class B parts.
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AN INVESTIGATION OF SUBSTITUTING CLASS S PARTS FOR

CLASS B PARTS IN AIR FORCE ELECTRONIC SYSTEMS

I. Introduction

General Issue

High states of equipment readiness are needed for the

limited numbers of system units available to operational

commanders to maintain their deterrent force capability.

However, a trade-off exists between system reliability, and

the costs incurred by increasing system reliability.

Improving parts reliability above current levels is one way

of improving a system's reliability. The challenge is to

increase part reliability without greatly increasing system

costs.

Background

The F-4 Phantom II was going to be the best all around

fighter-bomber in the US military inventory and out-class

all others in the world. It included state-of-the-art

avionics, weapon systems, and engines. While it turned out

to be a good aircraft, the F-4 had one very serious problem,

something malfunctioned every time it left the ground. The

F-4's reliability was less than one flight hour between

failures (2:29). On the other hand, the USSR turns out

1



large numbers of simple aircraft which have low-unit cost,

low operations and maintenance costs, high reliability and

maintainability, high degrees of commonality, and high

supportability. The U.S., unable to match the numbers of

units, has tried to use advanced technology to get the

highest possible performance as a "force multiplier." Unfor-

tunately, "high tech" systems that are not reliable some-

times result, eg., the F-4. This means to get an effective

and reliable combat weapon system, logistics considerations

require as much thought, and as early, in the design as do

the operational requirements (3).

For logistics, and other reasons, Deputy Secretary of

Defense Frank Carlucci published his 32 Initiatives in April

1981 to improve the acquisition process. Five of these

initiatives were concerned with improved reliability, availa-

bility, and maintainability (RAM). In 1983, Mr. Paul Thayer

replaced Carlucci and organized six broader goals. One of

these goals consolidates the five RAM initiatives into

"Improved Support and Readiness" (3:8). Along with this

high level executive support came a recognition by AF

leaders that logistics considerations impacted system effec-

tiveness. Weapon system effectiveness equates to "damage

expectancy," i.e., can the target be expected to be

destroyed from a single sortie.

Damage expectancy is the product of four factors: (1)

launch success, (2) weapon system reliability,

2



(3) probability of penetration, and (4) the probability of

kill. Using today's technology, including precision guided

munitions, the probabilities associated with factors one,

three, and four, are very close to 1.0 (about .98 each).

However, due to low weapon system reliabilities, commanders

must assign up to three aircraft to do the job one could do

with higher reliabilities. As stated by Gen Mullins:

That's why the single greatest limitation to our
having combat capability we need today is
logistics. That's why the single greatest
impediment to our having the kind of logistically
supportable systems we must have is the lack of
system reliability. That's why our real leverage
in generating combat capability comes first and
foremost in the area of reliability improvement
[4:15].

To that end, the kir Force Chief of Staff and the

Secretary of the Air Force initiated the Reliability and

Maintainability (R&M) 2000 program. Until R&M 2000, the

primary focus of R&M has been cost efficiency. But

operational necessities and logistics support

considerations, such as mobility, vulnerability, and

manpower have caused that focus to shift. There are now

five goals for R&M 2000. In order of priority, they are:

1. Increased warfighting capability.

2. Increased survivability of combat support

structure.

3. Decrease mobility requirements per deploying unit.

3



4. Decrease manpower requirerments per unit of output.

5. Decrease 2osts.

The goals now focus on oper3tions and operations support

(note cost, is tne Lowest priority). Increased R&M allows

us to meet these .oals. For example, goal one could be

reached by doubling weauon system reliability which would

increase the number of sorties generated under surge

conditions by 70 percent for an F-16. With doubled

reliability, goals two, three and four are reached since

fewer spares, test equipment, and maintenance personnel are

required by a squadron which leads to more squadrons

deployed using the same number of MAC transports. Also,

maintenance facilities are smaller, a less attractive

target, and the aircraft are less dependant on them to

maintain their sortie rates. Fewer spares, test equipment,

people, aircraft, etc., leads inevitably to achievement of

goal five (5:2; 6:163).

In support of the five goals, AF policy is to double

system level operational measures of reliability and halve

the system level operational measures of maintainability

compared to like predecessor systems (7). Additionally,

there is another policy of reaching a 2000 hour MTBF per

0.56 cubic foot volume for electronic systems. (R&M 2000

got its name from this policy.) This objective would

provide a 90 percent probability that a specific component

will not need to be removed from an aircraft during the

4 A
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first 30 days of combat. As a bonus, in peacetime, thera

would only be one or two removals of faulty components per

month for an entire 72 aircraft fighter wing (6:164).

To meet the five goals and the specific policies, the

following principles for the acquisition process have been

identified:

I. Management Commitment: ensures R&M goals are met

by getting senior operational and acquisition officers

enthusiastic support.

2. Motivation: to get and keep the contractors and

project officers committed to R&M.

3. Needs and Requirements: specified by user and

acquisition agency to indicate R&M priorities are as high as

other operational requirements.

* 4. Design and Growth: demand increased R&M

requirements in Air Force documentation and insist the

contractor use good design practices which includes room for

the inevitable changes in operational performance.

5. Preservation and Maturation: identify and correct

deficiencies in fielded systems.

While all of these principles are important, it is the

fourth principle where the design of actual hardware and

software of the system/sub-system determines what the

reliability will be. T1 _ Air Staff states that "good,

reliable equipment begins with the designer selecting

reliable parts and then derating them to extend part life

I'5
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and improve reliability" (8:9-11). The selection of high

quality parts is . integral part of achieving high system

reliability.

Specific Problem Statement

There is a need to determine if the use of high quality

parts can sufficiently raise the reliability characteristics

of Air Force electronic systems such that the increase in

production costs due to higher quality parts are offset by

decreases in operations and maintenance costs.

Limitations of Study

1. There are no studies which relate part reliability

to system reliability with any recognized accuracy.

Therefore, all other factors which might impact system

reliability, i.e., process, people, and design, are assumed

to remain constant.

2. The data base selected does not contain the system

acquisition costs, system logistic factors, etc., needed by

the LCC model. Therefore, these factors will be determined

for the class B system based on the specific aircraft type

predominately used (eg., B-52, F-15, C-141) and will be held

constant for the class S system, unless in the judgement of

a logistics expert, the increase in system MTBF is

sufficient to justify changing the factors.

6
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3. It is assumed the AF will require all parts used in

electronic systems class S and that industry will respond

with the wider varieties needed.

Research Questions

1. What are the potential increases in predictied

MTBFs using class S parts vice using class B parts?

2. What are the potential decreases in costs due to

quantity buys of class S parts?

3. What is the the change in Life Cycle Cost (LCC)

using class S parts vice class B parts?

7
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IIL. Review of Literature

Reliability

.5

The reliability of a system is defined as "the probabil-

ity that the system will adequately perform its intended

function under stated environmental conditions for a speci-

fied interval of time, number of cycles of operation, or

number of kilometers (29:8-9). Thus, the reliability of a

given system depends on its design Chow it performs its

function), and its operational environment (eq., fighter,

ground command post, etc.) over some period of time or other

relevent measure. This means that an identical system

operating on both a fighter aircraft and a ground site will

have two totally different reliabilities. Further, over the

life of the system, the system may have different probabil-

ities of performing its intended function. For example, as

redundant subsystems fail, the probabilities decrease even

though the syst m continues to function (29:9). It is there-

fore not adequate to describe a systems' reliability as only

a probability of functioning, since a comparison of system

reliabilities is conditional on knowing each systems' depen-

dence on time, environment, and design.

A commonly used reliability measure is the mean time

between failure MTBF). Mathematically, MTBF is equal to

the integral of a system's reliability function, so

redudan subystms filtheprobbiltiesdeceaseeve .

thoghth syte cntiue t fucton(299) I isthr8

0
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reliability probabilities and MTBF are directly related

(29:10). Additionally, MTBF is a useEul measure in cases

where maintenance and/or repairs are integral to the total

system concept. Maintenance (and repair) brings the system

back up to its initial probability (or very close to it)

after some failure has reduced the systems' probability of

functioning.

Currently, many high reliability systems require a

large degree of redundant subsystems. The failure of one

subsystem, the result of one component failure, does not

impact the ability of the system to perform its basic func-

tion. But without repair the system no longer has its high

reliability. For example, a brake system on an aircraft is

composed of two identical, independent hydraulic subsystems.

The reliability function is: R(sys) = 1 - (1 - R(sub))(i -

R(sub)). If the reliability of the subsystem is .9, then

the system reliability, from a mission perspective, is equal

to .99. A failure of one subsystem during a mision would

reduce the systems' reliability to .9 if not repaired at the

end of the mission (29). If the high reliability is

required for operational reasons, then the failure of the

subsystem will force a maintenance action to repair it.

Therefore, for systems which use redundant subsystems to

provide high reliability, all failures result in maintenaace

actions, but not all failures result in the loss of mission

or function.

9



The amount of maintenence capability an organization

requires, including the manpower, spares, tools, test equip-

ment, transportation, warehouses, etc., depends more on the

systems' MTBF than it does upon its probability of func-

tioning. All life cycle cost (LCC) models in the AF which

consider system reliability as a parameter use MTBF as the

measure rather than probabilities of functioning (30). The

cost of a systems maintenance over its projected life is

then determined using its MTBF.

While redundancy improves a system's MTBF, it hurts its

owner in terms of the cost of maintenance capability. But

other factors make up the reliability function. One of the

obvious ones, apparent in the equation above, is part

quality.

Part Quality

System reliability is difficult to explain and quantify

since the concept means different things to different

people. For example, an MTBF of 2000 hours for a radio

system as defined by the system program office (SPO) may

mean an average of 2000 hours between actual hardware

failures, while to the user, it means an average of 2000

hours between any removal of the equipment. Since removals

include software errors, human error, or equipment abuse,

the user may experience a mean time between removal (MTBR)

of only 200 hours in actual use. Given the previous

mathematical definition of MTBF, the objective is to find

10



dfnat causes the system failure, an.1 eliminat- them. There

are several sources which provide approaches on the cause of

system failures.

MIL-STD-781C, Reliability Design Qualification and

Production Acceptance Tests: Exponential Distribution,

divides failures into six categories. These range from

equipment design through part manufacture to inappropriate

repair procedures (9).

Mr. Joe Capatano, a reliability engineer for Gould,

Inc., divides system reliability into four categories;

people, process, parts, and design. That is, the time and

effort people put into the design and manufacture of the

system (workmanship), the quality of the manufacturing

processes, the quality of the parts, and the correct system

design to meet the expected environment. This division was

developed to explain in general terms why items fail and

allows Gould engineers to focus their attention on these

major causes providing preventative and corrective action.

At the 1981 Air Force Systems Command R&M Workshop, the

Design Engineering Emphasis Panel ranked the following tasks

as the most cost effective to improve system reliability:

(i) parts derating, (2) parts selection and control, (3)

failure analysis and corrective action, (4) parts screening,

and (5) parts burn-in. The major emphasis was on parts

quality (2:25).

W7
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According to Anthony Feduccia, Chief, System Reliabil-

ity & Engineering Division, Rome Air Development Center

(RADC), an electronic system/subsystem initially has about

an equal number of failures due to people/process/design and

to parts. During the first two to three years, most of the

people/process/design problems are worked out and fixed

(eg., manufacturing processes are changed, the design is

changed, etc.) while many part problems remain (2:28). In

the development of a particular "moderately complex"

electronic system at General Dynamics, after working out the

bugs of a production line they discoverad the major causes

of failure at top assembly tests were electronic parts from

suppliers, (in particular; bad internal connections and

contamination by conductive particles). They were forced to

redesign their subassembly tests, where it was easier to

find and replace defective parts, to become effective in

removing parts which failed due to "infant mortality," (the

early failure of parts as a result of a percentage of

manufactured parts having a lower quality than what they are

rated at) (10:214).

All of these sources have divided the cause of

failures into somewhat different slices. But they all

mention the quality of piece parts as a major factor in

system reliability.

The DOD defines and controls part quality through the

use of two main specifications, MIL-M-38510 for microcir-

12



cuits and MIL-S-19500 for semiconductors. These specifica-

tions define the design process and tests required for

specific quality levels and requir?! appropriate levels of

manufacturer certification for corresponding part quality

levels (21:22). The tests and specific test procedures

required for microcircuits and semiconductors are specified

in two specifications, Test Methods and Procedures for

Microelectronics, MIL-STD-883C, and Test Methods and

Procedures for Semiconductors, MIL-STD-750 (23;24). To be

able to label their parts as meeting MIL-SPEC, part

manufacturers must have their production lines certified by

the Defense Electronics Supply Center (DESC). The

requirements for certification of parts and production lines

are specified in MIL-STD-976A, Certification Requirements

for JAN Microcircuits. To be certified, the manufacturer

must submit parts and documentation to DESC. If necessary,

the manufacturer must make the parts while govern-ment

inspectors are watching (25).

For certified microcircuits, class S has the highest

quality certification, class B is next, and then a series of

lower commercial part classifications (class C). Class D

parts are commercial parts which are uncertified by the

government, but they are not marked by their manufacturers

as class D parts. For certified semiconductors, JANS is the

highest, JANTXV is next, and then JANTX and JAN level parts

(21;22;25). Uncertified comnercial parts are not permitted

13
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to use the JAN marking and are rated as "lower than

MIL-SPEC." MIL-HDBK-217 rates all uncertified parts as

having lower quality than certified parts without reguard to

the quality of the manufacturers production line or the

tests conducted on the parts due to historical data (11).

(For future brevity, class S will refer to class S microcir-

cuits and JANS semiconductors while class B will refer to

class B microcircuits and JANTXV and JANTX semiconductors.)

The classification of certified parts is achieved

through progressively higher requirements on the manufac-

turer in three areas; part design, part production, and part

testing. Requirements on part design limit the designer's

choices of materials and specifies certain internal dimen-

sions, eg., spacing between the leads. Structure design

requirements aim to eliminate inherent design failures, make

the part easier to produce, and start the manufacturing

processes with high quality materials.

Requirements for Part production specify quality

control measures the producer must use to insure a uniformly

high quality product, eg., the use of process control charts

to monitor the thickness of the substrate (base layer).

Part testing requirements verify the parts meet minimum

quality goals. In theory, well designed and manufactured

parts should not need to be tested, yet the lines are run by

people, and in practice, the tests do screen out a small

percentage of parts which do not meet the quality goals.

14



Each different screen test has its own unique percent defec-

tive allowed (PDA), or a one part Eaiture, which ever is

higher. If failures exceed the PDA limit, the entire inspec-

tion lot is rejected and the manufacturer must conduct an

analysis to determine what went wrong, decide how to fix it,

and determine what other lots may have been affected (25).

Class S parts are intended for use in space applica-

tions (21:7). Given the inability to repair systems in

space the DOD and NASA have chosen to use parts of very high

quality as one method of achieving high system reliability

(26;27).

The increased reliability of class S parts over the

next lower quality level, class B, is due to the DOD's

increased control in the design of the parts, the increased

control and monitoring of the manufacturing process, and to

a lesser extent, an increased number of tests. For example,

the producer is not permitted to use laser scribing, must

maintain a minimum lead separation of 1.0mm, and must be

able to measure and monitor the desired characteristics of

design to high tolerances, eg., substrate thickness,

pinholes, and cracks (21;25). While not required, DESC is

available for consultation on the design of class S parts to

help the manufacturer improve their producibility (28).

Production requirements for class S parts include

monitoring internal water vapor levels, particle contamina-

tion, the effects of time, temperature, and current on the

15



parts, and the use of quality control charts to show the

status of each of the manufacturing steps. A big difference

between class S parts and class B parts is the serialization

requirement for class S parts. Each part must be traceable

to its inspection lot, sub-lot, and production lot so

failures can be traced to production processess and input

materials. During sample parts testing (some tests require

100% participation) if one part fails, the entire lot can be

checked for similar problems which, if found, could lead to

correction or improvement of manufacturing processes or

monitoring.

Higher level test requirements include increased burn-

in time (from 160 hours for class B to 240 or 320 hours for

class S depending on part type), a particle impact noise

detection (PIND) test (to check for contamination which

could cause shorts), reverse bias burn-in of 72 hours, radio-

graphic examination of samples, a nondestructive, 100

percent lead bond pull test, and higher levels of government

representation during testing and failure analysis (see

Figure 1) (21;25).

The result of the controls on design, manufacturing,

and testing of class S parts is to narrow the distribution

of part strength, primarily by reducing the distribution to

the left of the part's nominal rating. Part strength is the

ability of the part to continue to operate normally after

experiencing a stress, also known as its "stress resisting

16



Class S Class S All

Requirements Microcircuits Semiconductors Class B

Internal Visual + required required required

Stabilization required required required
Bake +

Temperature Cycling required required required
and/or Thermal
Shock +

Constant required required requi red
Acceleration +

Particle Impact required required
Noise Detection +

Instability Shock --- required
Test Diodes
Only +

Serialization + required required ---

Hermetic Seal + --- optional required
not applicable
to microcircuits

Interim required required

Electrical +

Burn-In + 240 hrs* 240 hrs* 160 hrs**

Interim required required
Electrical +
(reverse bias)

Reverse Bias 72 hrs 48 hrs
Burn-In +

Interim required required required
Electrical +

Seal (fine and required --- required
gross) +
not applicable
to semiconductors

Figure 1. Product Assurance Test Requirements for Class S
and Class B Parts (21; 22)
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Class S Class S All

Requirements Microcircuits Semiconductors Class B

Final Electrical + required require- req uired

Hermetic Seal + required optional
not applicable to
microcircuits

Radiographic required required
100% for
semiconductors

External Visual + required required required

Nondestructive required
Bond Pull Test +
not applicable to
semiconductors

* 320 hours for hybrid microcircuits

** Transistors 160 hours; diodes, rectifiers, and thyristors
96 hours

+ 100 percent tested, all others are samples
*** Required for Semiconductors

Figure 1. (CONTINUED)

capacity." Parts which have a wide distribution of part

strength, may receive a stress well below the parts nominal

rating and yet a percentage of parts will fail. The study

of part strength distributions with stress distributions is

called probabilistic design (29:74-85). Using probabilistic

design, MIL-HDBK-217, Reliability Prediction of Electronic

Equipment, quantifies the reliability of parts (11).

MIL-HDBK-217, produced by the Rome Air Development

Center (RADC) rates the quality of certified and uncertified

parts. It assumes a constant failure rate for solid state

18
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electronic part, an exponential failure distribution, on the

basis of extensive test data (11:5.1.1-1 - 5.1.2.4-2).

According to MIL-HDBK-217D, class C parts have failure rates

which are twenty times higher than class B parts and class B

parts have failure rates which are two times higher than

class S. Using the failure rate and other data found in

MIL-HDBK-217, system reliabilities and MTBF values can be

calculated using simple equations (11). While the equations

are simple, the calculations can be quite cumbersome and

time consuming since even a moderately sized electronic

system can contain thousands of parts (19).

In recent years the AF has advocated the use of class B

parts in weapon systems due to the higher reliabilities they

have over commercial parts. Often, however, certified parts

are not used in the design or production of systems. Design

engineers either can't design a system using only the

existing certified parts or else they fail to consider the

availability of certified parts ahead of time. Non-

availability of certified parts makes the use of many

commercial parts mandatory (10;14). To achieve the

reliability required, designers must then add redundancy to

critical functions. The end result, are systems which have

high reliabilities, but low MTBF values, since the

maintanence concept for most earth baed systems is to

repair every component failure, maintaining the high system

reliability.
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Reliability Prediction

Classification and quantification of part quality has

made it possible to predict the reliability of systems and

sub-systems. Reliability prediction is useful to provide a

rational basis for doing comparisons and trade-offs. There

are two methods of reliability prediction at the piece part

level. Both use probabilistic design, but the first is a

simple parts count method and is used early in a program

when little design information is available. The second and

more powerful tool is called part stress analysis. It takes

into account the actual hardware design and the environmen-

tal stresses applied to the system. RADC has shown that

part quality has a direct effect on the part failure rate,

and thus, system failure rate (11:4.2-5.1.1.1).

Using parts stress analysis for predicted reliabil-

ities, (measured by MTBF) does not guarantee the final,

actual field reliabilities. People, process, and design

also affect the system reliability and they are difficult,

if not impossible, to quantify. Further, the methods used

to accumulate test data in the laboratory; ovens, vibration

and shock tables, bench sets, etc., do not usually simulate

many of the stresses the parts will be exposed to in the

field. However, parts have been identified as the single

most important consideration.

In a study conducted by the Reliability Analysis Center

(RAC), a survey was taken of a very large number of systems
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of various types (eg., radar, communication, etc.) applied

to various environments (air, ground, and naval). Actual

field MTBF was compared to systems' predicted MTBF. While

there was a large variance observed, there was a strong

correspondance between the two, and in general, the higher

the predicted MTBF, the higher the field MTBF (12). In a

second study, RAC showed the higher the part quality (class

S versus class B versus commercial), the smaller the

variance of the relationship and the better predicted MTBF

indicates field MTBF (13).

Part Cost

Higher quality parts cost more money, due to the extra

process controls and testing, together with lower yields and

higher administrative costs. While prices vary, on average

class B parts cost twice as much as commercial parts and

class S parts cost 15-20 times as much as class B. It's

easily shown that since class B parts have failure rates

which are 20 times lower than commercial parts, class B

parts are very cost effective (28). What is not easily

shown is whether class S parts are as cost effective, or

more cost effective, as class B.

There are four reasons class S parts cost so much.

First is the very low production rates of the parts. A

parts supplier may get an order for as few as 50 parts from

a satellite manufacturer. If none are in stock, the

supplier will make one production run from a mold (about 750
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parts) to get a yield of 450 parts. That will leave 400

parts requiring storage in a very controlled environment

against the day, hopefully, a future order comes in. A

second reason is the relatively low variety of class S parts

available due to the effort required by the supplier to get

certified for that part. With such low demand, suppliers

have no incentive to try to get parts certified. That leads

to reason three, there is very little competition in the

class S market due to low demand. For most class S parts,

there is only one supplier for each part. Finally, the

extra tests and controls that class S requires raises the

price (14).

However, there are three considerations which could

lower the cost of class S parts. First, as parts are stan-

dardized and procurred in large quantities the price drops

dramatically due to production efficiencies and increased

competition. Just considering increased production efficien-

cies, Albert Caquot developed an empirically derived rela-

tionship which shows as production doubles, the price drops

by 16 percent. Using this relationship, if production

increases ten times, the price drops 43.8 percent (14:443).

Second, the screens required for class S parts elimi-

nate a large number of bad parts. The O&M cost savings

resu2ting from eliminating additional bad parts may make up

for the higher initial acquisition costs. Higher system

MTBFs mean fewer spare parts, test equipment, maintenance
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personnel, intermediate repair shops, etc. are required.

With a field repair currently estimated between $5,000 to

$15,000, O&M savings could significantly impact the total

LCC picture (2:28; 15).

Finally, there are opportunity costs which are not

easily measured, but are exactly the point of R&M 2000.

Higher reliability systems using class S parts will make the

limited number of systems more useful, generate higher

sortie rates, decrease mobility requirements, etc. If the

increase in system reliability is significantly improved due

to the use of class S parts, perhapes a slightly higher

price for them is worth it.

Related Studies

In 1984 Space Division (SD) advocated a more widespread

use of class S parts. They emphasized the higher quality

aspect and cost reduction through standardization of parts

and increases in production quantities. However, their

prime argument for class S parts centered on a hypothetical

case where class B parts would fail 60 times more often then

class S parts, rather than the 2 times specified in

MIL-HDBK-217. SD then used the 60:1 figure to show that

repair costs, at $20,000/repair, more than made up for the

higher part acquisition cost. Both assumptions are flawed.
I._

The use of the dubious 60:1 failure ratio shows a best case

class S system versus a worst case class B system, but it is

not indicative of the average quality of class S and class B
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parts. Secondly, the $20,000/repair figure may be the

average cost of rework on satellite or booster systems, but

it's not indicative of average AF wide repair costs (16).

A study was begun by engineers at AFALC in response to

the SD briefing. They concluded there weren't sufficient

varieties of class S parts to increase system reliabilities.

That is, they only looked at the currently available class S

parts rather than assuming more varieties would become

available. AFALC questioned the impact of part reliability

to system reliability and thought that processes had a

greater impact than parts. They did not finish the study

and did not publish or document any findings (17).

The Reliability Analysis Center (RAC), a DOD informa-

tion center run by the IIT Research Institute, conducted a

study-to investigate the claimed advantages of lower cost

and greater availability of commercial microcircuits over

class B microcircuits. They surveyed eight manufacturers

and three distributors on four part classes: (1) plastic

commercial (unscreened), (2) plastic (screened), (3)

hermetic commercial (unscreened), and (4) class B. The

survey asked each manufacturer and distributor to supply

cost and availability information for each part number at

procurement quantities of one, 100, and 1,000 in each of the

four le'.els. RAC followed up the survey with an intensive

literature review, interviews with part reliability experts,

and data from the RAC mircociruit data base.
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RAC reached the following conclusions:

1. While manufacturers have different pricing struc-

tures, prices decrease logrithmically with order quantity

(which is consistent with Caquot).

2. There is a definite increase in cost going up in

quality level (about 1.5 times increase between each succes-

sive level).

3. There is no average difference in lead time for

part acquisition based on quality level.

4. Plastic commercial parts have considerable varia-

tion in the quality from different manufacturers and even

between lots from the same manufacturer. They have problems

with humidity and temperature due to the permeability of the

plastic coating, imperfect seals around leads, and varia-

tions in raw material. Plastic commercial parts, therefore,

have a poor long term storage performance and high stress

environments. Their reliability for military applications

is highly questionable.

5. To get low failure rate plastic commercial parts

requires a 100 percent stress screening program, but this

will still not alleviate problems due to humidity and

corrosion (i.e., long term use, extensive periods with power

off, and long storage).

6. Hermetically sealed parts (hermetic comnmercial and

class B) have lower failure rates and withstand mechanical

stress better than plastic parts due to their construction,
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i.e., lower permeability of sealant to moisture and stronger

casings. Class B parts (ill hermetically sealed) are

significantly better than hermetic commercial parts.

7. After defining a generic system, class B parts were

generally found to be much cheaper in the long run over all

commercial parts due to costs associated with part inven-

tory, field repair costs, and production line rework (31).
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III. Research Methodology

The approach taken in this study consisted of five

steps. The first step was to select representative elec-

tronic systems which use class B parts, and which were in,

or could be put into the format required by the selected

model, ORACLE, for reliability predictions. Class S parts

were then substituted in the systems for existing class B

parts and evaluated using MIL-HDBK-217D. New system MTBFs

were calculated and the range of MTBF increase determined.

The potential cost savings of class S parts using large

volume purchases were determined using contractor and DESC

supplied data, and the Caquot relationship. The range of

MTBF increase and the calculated costs of class S parts were

used in the LCC model of a system currently in full scale

development (FSD) to determine the impacts on life cycle

cost. Finally, a qualitative comparison ani assessment was

made of the results.

Population

There were hundreds of electronic systems in the AF

inventory to choose from, but not all had the detailed parts

descriptions necessary for this study. Since a reliability

prediction is usually required for system acquisition, RADC

had a large data base of systems in the ORACLE format.

ORACLE is a computerized software version of MIL-HDBK-217
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used for obtaining reliability oredictions of electronic

systims/equipment (18).

Unfortunately, much of tne data base qas not appro-

priate. Prior to 1980, many of the SPOs used commercial

quality parts and did not provide a full system profile,

ie., they used a lot of system defaults instead of speci-

fying the entire circuit layout. For example, ORACLE will

assume a part has a minimum number of connections to other

parts unless all the connections are specified. If a micro-

circuit is connected to five other parts, but ORACLE is

defaulted to two parts, the default will minimize the number

of solder joints assumed to be in the system. This leads to

unrealistic best case predictions which are inappropriate

for valid comparisons.

Since 1980, SPOs have not often used ORACLE at RADC,

but have relied on in-house contractor capabilities. Since

November 1986, RADC has been providing free copies of ORACLE

to contractors and other government offices. The managers

of ORACLE at RADC have studied their data base on several

occasions to determine its usefulness for reliability

studies sponsored by RADC. As a result, they found only

five systems resident on ORACLE which are representative of

modern electronic systems, i.e., extensively use microcir-

cuits, and have not relied on system deftults, but have

specified the layout of the components in detail. All five

of these systems were used in the study (19). Appendix C
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contains a description of some problems with using ORACLE on

the VAX.

Reliability Predictions

First the systems were run on ORACLE to generate a

reliability prediction using the existing class B parts.

Then, for each system, the part quality for all microcir-

cuits and semiconductors were raised to class S. All other

parameters remained constant. Each system was re-run on

ORACLE to generate new reliability predictions for the new

part level. A range of MTBF increases were found.

Class S Parts Cost Determination

Class S parts suppliers, SD, Aerospace Corp., and DESC

were contacted to get current prices. These prices were

adjusted for quantity buys using the Caquot relationship and

savings estimated by DESC. The objective was to determine

new part acquisition costs given the production of suffi-

ciently large quantities of class S parts. It is possible

that extremely large production increases could reach large

price reductions, for example, a 1000 times increase in

production reduces prices by 80 percent, while a one million

times increase in production would reduce prices by 97

percent. This study imited the price decrease of class S

parts to 44 percent, the decrease expected for a ten-fold

increase in production.
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LCC Cost Determination

The range of MTBF increases could be applied to any

system with a good LCC model, along with the estimated

increased production cost, to determine the impact on the

systems' LCC. The system selected for this analysis is the

Milstar Terminal program. Milstar is a family of airborne/

ground satellite communications terminals which are being

developed at ESD. The program is currently in FSD and uses

an interactive LCC model to explore the impacts of proposed

changes (what-if exercises) and as a tool for budgeting O&S

costs. The Milstar LCC model has been approved by ESD/ACC,

the cost estimating division, as an appropriate method to

calculate O&S costs for budgeting and estimation purposes.

The model is operated by the MITRE Corp. for the SPO and

runs on a MITRE owned mainframe. Since the model cannot be

" run on any AFIT system, the Milstar SPO agreed to have MITRE

run the model and provide the results.

The baseline costs for Milstar had been determined

(production costs using class B parts and MTBF) and was used

as the baseline for this analysis. The model was then run

three additional times with the production figure adjusted

as required for class S part costs. In the first run, the
10

lowest increase in MTBF was used, in the second run the

highest increase in MTBF was used and the last run used the

average increase in MTBF of two systems which were very

close together. The output for each run was a percentage
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increase or decrease in the O&S and total production costs

over the projected 15 year life of the program.

Comparison of Differences

The use of statistical tests to determine whether the

differences in MTBFs and LCCs are statistically significant

is not warranted for this study. Firstly, changing parts

from class B to class S will positively increase the system

MTBFs. How much depends on the relationship of the n.imber

of microcircuits and semiconductors which were changed to

the total number of parts in the system and other system

factors (eg., junction temperatures, environment, etc.).

The higher this ratio, the closer the MTBF increased by a

factor of two since the class S parts are rated twice as

reliable as class B parts (MIL-HDBK-217D). Secondly, class

S manufacturers were resistant to providing cost data,

particularly since a major contract for the sale of class S

parts was being negotiated. Therefore, accurate cost data

on price decreases was difficult to get and the study

resorted to the Caquot relationship. Also, the LCC data

base for the Milstar system did not go into the detail

required to distinguish between microcircuits/semiconductors

and all other parts needed for production. It just listed a

total parts and materials cost. Therefore, the researcher

performed a simple qualitative assessment of the results

obtained.
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IV. Results

Selection of Systems

A TDY trip was made to the Rome Air Development Center

(RADC) at Griffiss AFB to select systems from their ORACLE

data base, receive training on operating ORACLE, obtain a

historical perspective of the ORACLE data base, and to get

magnetic tape copies of the ORACLE program and data bases of

the five systems.

As discussed in Chapter II, program offices stopped

using ORACLE at RADC in 1980. Only a fraction of the

systems in their data base use only class B parts. Of

those, only the five systems selected (Table I) have

sufficiently documented the system configuration to make

Table I

Systems Used in Calculation of MTBF

ORACLE Identifier System Name Product Division

MTD (1) JTIDS ESD
GPU5A (2) PAVE CLAW AD
VAR-3 (1) MEECN/DRE ESD
TAS (3) SEEK TALK ESD
VAN-ST (3) Enhanced JTIDS ESD

(EJS )

(1) System in development
(2) System operational
(3) Program cancelled
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reasonably accurate reliability predictions. The RADC

ORACLE office made these conclusions on the basis of studies

they have conducted on their data base to determine it's

make-up and use for other RADC studies (19).

Calculation of New MTBFs

Table II shows the parts available to use in the

construction of an electronic system in ORACLE. Only the

electronic parts indicated were changed from class B to

class S. (Mechanical parts, such as switches, tubes,

printed circuit boards, etc. are not being considered in

this research.) For each system, the parts data base was

accessed and all possible electronic parts were changed from

Table II

Parts Available in ORACLE (32)

Integrated Circuits * Transistor *
Diode, General Purpose * Diode, Zener *
Diode, Voltage Reference * Diode, Veractor *

Transistor, Microwave * Thyristor *
Resistor * Capacitor *
Inductor Rotating Device
Relay Switch
Connector Tube
Laser Quartz Crystal
Fuse Neon Lamp
Incandescent Lamp Meter
Wirewrap Connection Hand Soldered Connection
Reflow Solder Connection Circuit Breaker b
Hybrid Circuit * Light Emitting Diode
Heater Opto-Electronic - LEDs *
Printed Board Connector Isolators and Display

• Electronic parts upgraded from class B to class S
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class B to class S (Table III). All other parts and para-

meters (eg., environment, junction temperatures, etc.) were

left unchanged.

Table III

Identification of Parts Changed Per System

*Total Number Percent of Parts

Syste.n Parts Changed

JTIDS 2,826 95.0
; PAVE CLAW 334 62.3

MEECN/DRE 3,538 87.7
SEEK TALK 1,142 76.3

EJS 2,555 90.5

* Does not include solder connections as a part count, but
they are included in the MTBF calculations.

Table IV shows the results of the MTBF calculations.

As expected, no MTBF doubled and all but one system experi-

enced large gains. MTBFs increased over a range of 12.1

percent to 78.3 percent.

Table IV

Comparison of original and New MTBFs
(MTBF in hours)

Original New Percent
System MTBF MTBF Increase

JTIDS 2,287.2 3.631.9 58.8
PAVE CLAW 5,952.7 10,615.4 78.3
MEECN/DRE 4,988.5 6,469.2 29.7
SEEK TALK 6,510.0 8,456.5 29.9

EJS 9,481.0 10,627.3 12.1
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Cost of Parts

The current manufacturers of class S parts (Table V)

were all contacted and requested to provide pricing informa-

tion. All but one declined due to a competitive procurement

action by DESC and SD to buy selected class S parts for

inventory. The name of the company providing information is

withheld by request and will be called Company A for this

research.

Table V

Class S Manufacturers (16)

US Micro Tek RCA
Microsemiconductors San Fernando Electric
Motorola Signetics
National Semiconductors Teledyne Crystalonics

Col B. Jones, SD, and Mr. J. Wiesner, the Aerospace

Corp., were contacted for the costs of class S parts. They

said that no central repository for purchased class S parts

costs existed. But long lead times in acquiring class S

parts (up to a year and getting longer) had caused SD to

initiate a centralized procurement of class S parts. SD had

surveyed class S manufacturers to determine expected prices

for each part. DESC was contacted to get the price list

since the information was considered competition sensitive

by SD and DESC was running the procurement (33; 34).
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Mr. C. Borchers, Chief of the Technical Support Section

at DESC, was contacted to get a copy of the government sti-

mated price list (Appendix B). The government price list

was then compared to the price list provided by the one manu-

facturer. Most of the parts produced by the manufacturer

that were on the government price list were within the range

of prices quoted by the manufacturer. Since the manufac-

turer only makes one type of device, the government price

list was used in the research as it included a much wider

range of part types. However, the comparison did provide

some confidence that the government price list is accurate

(35; 37).

The government price list was then cross checked

against files at DESC to obtain the equivalent class B part

number and price. A total of 331 parts were checked. Of

the 221 microcircuits, 47.5 percent had class B equivalents,

and of the 110 semiconductors, 75.5 percent had class B

equivalents. (A few of the class B equivalent parts did not

have prices for them and they were not included in the

research (Appendix A)) (36).

The ratio of class S cost to class B cost was then

computed by adding up the total cost of class S parts for

microcircuits and semiconductors, and dividing by the total

cost of cla s B microcircuits and semiconductors (see Table

VI).
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included 65 radiation harIened nzoi~i. T-s .r

have no radiation harlene.i class B inli w.nts ni not

used in these computations. Howeve r, -?xamnining tnir prices

does not show thein to be, on average, -nore? expe nsiv-e than

other class S microcircuits (37).

Table vi

Class S to Class B Cost Ratio)
(cost in doil3rs)

Mircrocircuits:

class S total cost =7,808 =7.71

class B total costE 1,013

Semiconductors:

class S total cost 2,213 =3.30

class B total cost 671

All:

class S total cost =10,021 =5.95

class B total cost 1,684

New Cost Ratio:

Ratio = 5.95 - (5.95 * .44) =3.3

Many of the class S parts are beinj purchase-d in reason-

ably large quantities (for class S parts3). As mentioned

previously, the prices received fromn Company A are within

the government price estimate:s. For ex.ample , part ')O20ISDA,

a digital microcircuit, is on the govrnent p~rice list at

$75.00 each, with a total of 200 feir~ or purchase. The
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nanufacturer quotes this oart it $78 to $58, dependin3 on

4uantities. Most parts are being purchased in quantities of

200 to 600, although some parts have purchase quantities in

the few thousand. Prices of parts with large purchase

requirements also fall within the manufacturers quoted

orices (Appendix A and B) (37).

With no other data available on production efficien-

cies, the Caquot relationship discussed in Chapter II was

used. The maximum decre2ase in price this research used was

44 percent which would result from a ten fold increase in

production. Table VI shows that the average cost ratio of

class S to class B parts is 5.95. Reducing the cost of

class S parts 44 percent and calculating a new class S/class

B ratio for all parts derives a new average cost ratio of

3.3 for all parts (Table VI). This figure was used to

increase the electronic parts cost in the production cost of

the LCC model.

Life Cycle Cost Evaluation

The selected systeri was the Milstar Terminal Program,

currently in FSD. The Milstar communications terminals are

highly complex electronic systems. Each terminal contains

up to 11 line replaceable units (LRUs) and will be available

in ground or airborne, command post or force element config-

urations. The Milstar SPO has developed a LCC model which

has been approved by ESD/ACC to use as a oasis for budgeting

O&S costs and for making what-if and trade-off studies. The
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LCC model is based on th- entira system of terminals and

user3. That is, it contains the aircraft and ground sites,

standard mission durations, total number of terminals,

number and make of LRUs in each terminal, and other perti-

nent facts that make up the Milstar system. This model was

used to calculate new costs using the range of increased

MTBF values and the increased cost of class S parts (38;

39).

The Milstar LCC model uses a given, fixed value for

production costs. The production cost consists of 70

percent materials cost and 30 percent labor. The materials

cost breaks down into 10 percent overhead, 30 percent for

mechanical parts (eg., antennas, LRU boxes, switches, etc.)

and 30 percent for electronic parts. This breakout was

confirmed by Mrs. M. Weech, head of ESD/ACC, as appropriate

for this type of system (40; 41).

The model was run three times. In all cases the produc-

tion cost of prime mission equipment (PME) was increased by

1.93 times, (.3P * 3.11) + P, where P equals the original

production cost. For the first case, the system MTBF was

increased by 12.1 percent (the minimum increase in MTBF) and

in the second case MTBF was increased by 78.3 percent (the

maximum increase). In the third case, the MTBF was

increased by 29.8 percent to correspond with an average

increase of two systems' MEECN/DRE and SEEK TALK, MTBF

increase (Table IV). These two systems had increases in
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MTBF with only .2 percent difference. Since both systems

have a fairly large number of parts and both are communica-

tions terminals with airborne and ground application, like

Milstar, their increases in MTBF may be more representative

of the increases that could be expected in similar systems.

The results of the LCC model run are given in Table VII.

Table VII

LCC Analysis on the Milstar System
(based on a total of 15 year life span)

(increase or decrease over baseline system)

MTBF Increase *Total Production +Recurring O&S
In Percent In Percent In Percent

12.13 T8.1 38.0

29.8 j .5 4 9.7

78.3 1 .8 2118.6

* Includes test equipment, investment spares, inventory, and
modification kits to ground sites and aircraft as well as
prime mission equipment (PME).

+ Includes recurring cost of replacement spares.
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V. Conclusions and Recommendations

" Conclusions

%i Research Question 1. What are the potential

increases in predicted MTBF using class S parts vice using

class B parts? This question was very specific in nature

and given the tools, MIL-HDBK-217D and ORACLE, an increase

in MTBF was guaranteed for each system. The unknown ele-ment

was the magnitude of the increases and if all five systemns'

increases in MTBF would cluster within a narrow range or if

a wide range would result. Remember the MTBFs generated ar--_

not field MTBFs, what the systems actually experience in

practice, but predicted MTBFs based on defined environments,

manufacturing, and operating conditions in MIL-HDBK-2170.

While these predicted MTBFs may not be experienced in the

field, the literature review has shown that increases in

predicted MTBF are indicative of increases in field MTBF.

The range of the predicted MTBFs was applicable in predic-

ting what would happen to another systems' field MTBF should

class S parts be substituted for the class B parts.

The results obtained indicate a wide range of increases

is possible, 12 to 78 percent. However four of the five

increases were greater than 29 percent. Twenty-nine percent

is a significant improvement in any systems MTBF, yet it was

achieved by just changing to difCferent parts with no techno-
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logical risk. (Since the magnitude of the increases is not

linear with the number of parts in the system, or percentage

of parts changed, it was impossible for any conclusions to

be reached concerning the specific reasons for increase in

each system. It would be possible to manually go through the

computations in MIL-HDBK-217D to determine the reasons, but

that was outside the scope of this research.)

Research Question 2. What are the potential

decreases in cost due to quantity buys of class S parts? No

'.5 data exists which indicates specific cost reductions for

class S parts given large production of parts. A few of the

government estimated prices for parts are much lower

(greater than 20% lower) than Company A's prices for the

same parts. However, they were just 8 out of the 33 parts

that Company A had on the government price list. Of the 33

parts in common, 18 parts on the government price list were

within Company A's quotes, and 7 parts had price differences

that were less than $10 per part (less than 20%) and for

most of those, the difference was only $2. It was concluded

that there was insufficient lata, both in price of parts and

quantity of purchase, to indicate any quantity price differ-

ences from the government price list. No research indicated

that the Caquot relationship was not valid, therefore, the

Caquot relationship was used to decrease class S prices due

to quantity buys.
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Research Question 3. What is the change in Life

Cycle Cost (LCC) using class S parts? The data iniicites

that life cycle costs go down as MTBF increases, despite the

increased acquisition costs due to the cost of class S

parts. Relatively small increases in MTBF do not produce

any recurring or production cost savings which would make up

for the cost of class S parts. But, as MTBF increases suffi-

ciently, fewer test sets are required, a smaller inventory

of spares (Line Replacement Units (LRUs), Shop Replacement

Units (SRUs), and parts) is needed, the need for recurring

parts purchases decreases, and personnel costs drop due to a

reduced need for maintenance. Surprisingly, as the oercent-

age increase in MTBF goes from 29.8 percent to 78.3 percent,

production costs hardly change indicating there is a need

for minimum levels of test equipment. However, recurring

costs continue to fall. Conditionally then, the increased.

reliability out-weijhs the increased costs of class S parts.

But, the increase in MTBF must be large enough to affect

support equipment ind soar? levels.

Initially, the high relative cost of class S parts

dominates the LCC analysis. Relatively small percentage

increases in MTBF do not change the need for support equip-

ment or spares levels (LRUs, SRUs, or component parts) at S

the base or intermediate repair level. The reduction of 0.1

of a test stand or 0.2 of each spare LRU (for example)

cannot change the need for them since the base must maintain
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minimum r.-1i:>ejs v1 ivaiLibiLity rates. Since it is imoos-

sible to ceduce 0.1 of a test stand (they must reduce

requir,?ments of aterial in whole numbers at the base lvel)

no savings accrie for the increase in MTBF and the cost of

class S parts is additive to the LCC of the system.

However, when the MTBF rises above a minimum level, the

ne r supoort equioment and soares levels are reduced by

a wn)l number. Some oases may not need test stands at all,

to malnt:ii rea diness and availability rates. For example,

a e:-tral intermediate facility may service several bases.

The oasex; witriout the test stands no longer need SRU spares,

only LRUs to support the remove and replace maintenance

concept (Milstar has very effective built-in-test (BIT)

software and it is considered in the LCC model). The depot

requir s fewer component parts since fewer LRUs and SRUs ar-

being received for maintenance. As MTBF continues to rise

above the minimum point for a LCC break-even, the recurring

costs associated with maintenance personnel and component

parts level replacement at the depot also drop. (Produc-

tion costs do not change within the range of MTBF increase.)

Four of the five systems analyzed for increases in MTBF

did have percentage increases large enough to derive cost

savings when compared to the results of the LCC model for

Milstar. While the Milstar LCC model is not specific for

any of them, the indication is that nany systems (if not

most) could get a sufficient increase in MTBF to benefit
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from the use of class S parts despite the higher initial

cost.

Recommendations

This research covered a broad area and does not presume

to have answered all the questions related to the use of

class S parts in military systems. It did not examine all

the issues as closely as they should be examined and there

are many topics which require further investigation to

substantiate the results of this research. The following

three topics are recommended as the next steps in validating

the concept.

Unlimited Availability and Cost of Class S Parts.

This research assumed that there was an unlimited availabil-

ity of class S parts. As noted in Chapter III, this isn't

the case today. In fact, there is a very limited supply of

class S parts, which means that designers of electronic

systems would be severely limited in their use of parts for

their designs if limited to class S parts today. Therefore,

further work on determining the future availability of class

S parts is needed. Could the Air Force and/or DOD mandate

the use of class S parts in eleactronic systems? Would the

current commercial manufacturers respond with greater

numbers of class S parts and a wider availability of part

types?
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The other area of interest concerning class S parts is

the price. The object of this research was to use a conser-

vative approach in pricing class S parts given an unlimited

availability. As production increases, economies of scAle

are achieved and prices aecrease. This forms the basis of

the Caquot relationship discussed in Chapter III (15).

However, there are other factors which could realize cost

savings to the AF, both in terms of the cost of class S

parts, and other areas. First, if the AF/DOD mandat- d the

use of class S parts, the demand for class S parts would

increase dramatically. This might induce other manufac-

turers not currently producing class S parts to enter the

market which would further reduce prices. Second, as the

AF/DOD switched to class S parts, all other parts (classes

B, C, and commercial) would be eliminated fron military

inventories, significantly reducinj the management effort

required to maintain and store them (standardization).

Finally, the lower intangible and opportunity costs of

systems due to low MTBFs, the expense of highly trained ;nain-

tenance personnel (which are harder to keep in the

military), the cost of military airlift for mobility of

systems with poor MTBFs (requiring a large amount of spares

and test equipment, etc.) should all be included in a study

of cost impac's of class S parts on the military.

Make-Up of Predicted MTBF. This r,-.irzh did not

attempt to determine why the five systens us. i to calculate
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new MTBFs had such a wile range of percentage increase.

Since over 90 percent of the parts in the EJS system were

changed, yet the MTBF only increased by 12.1 percent, an

analysis of the determining factors which drive the failure

rates in MIL-HDBK-217D is warranted.

Sensitivity Analysis. No attempt has been made to do

a sensitivity analysis on the results. Sensitivity analyses

need to be performed on: (1) the range of percentage

increase in MTBF, (2) the price of class S parts, and (3)

the level of percentage increase in MTBF required to break-

even, that is, for the cost of class S parts to be out-

weighed by the savings in production and recurring costs.

These would establish boundaries by which decision making

could take place with more quantitative data.

Final Comments

Class S parts are not the sole, or even primary method,

for Air Force to achieve its goal of high reliability

systems. Before committing to the investment costs that

4ould be required, the Air Force should thoroughly investi-

gatE all ramifications of a policy of purchasing class S

parts.

My concern is that many people dismiss the use of class

S parts out of hand, without looking at the total system

impact. Even if the Air Force can break-even (from a cost

point) using class S parts, the higher reliability measures
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afforded by the use class S parts could help achieve the Air

Force goal of increased warfighting capability. The use of

class S parts to help the Air Force achieve that joal should

be explored, rather than be dismissed out of hand due to

apparent high acquisition costs.

"p
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Appendix A

Company A Class S Parts and Costs
Quoted 18 November 1986

(Prices in dollars)

Part Number Price Range Part Number Price Range

00103SCA 78/58 00103SCB 78/58
00103SDA 78/58 00103SDB 78/58
00201SCA 78/58 00201SCB 78/58
00201SDA 78/58 00201SDB 78/58
00302SCA 78/58 00302SCB 78/58
00302DSA 78/58 00302SDB 78/58
00401SCA 78/58 00401SCB 78/58
00401SDA 78/58 00401SDB 78/58
00801SAC 78/64 O08OISCA 78/64
00801SCS 78/64 0080ISDA 78/64
00801SDB 78/64 00803SCA 78/64
00903SCB 78/64 00803SDA 78/64
00803SDB 78/64 01306SEA 78/64
01306SEB 78/64 02001SCA 98/92
02001SCB 98/82 02001SDA 98/82
0200lSDB 98/82 02002SCA 98/82
02002SCB 98/82 02002SDA 98/82
02002SDB 98/82 02003SCA 98/82
02003SCB 98/82 02003SDA 98/82
02003SDB 98/82 02004SCA 98/82
02004SCB 98/82 02004SDA 98/82
02004SDB 98/82 02005SCA 98/82
02005SCB 98/82 02005SDA 98/82
02005SDB 98/82 02103SCA 140/97
02103SCB 140/97 02103SDA 140/97
02103SDB 140/97 02105SCA 140/97
02105SCB 140/97 02105SDA 140/97
02105SDB 140/97 02502SCA 120/100
02502SCB 120/100 02502SDA 120/100
02502SDB 120/100 02601SCA 120/100
02601SCB 120/100 02601SDA 120/100
02601SDB 120/100 02701SCA 98/79
02701SCB 98/79 02701SDA 98/79
02701SDB 98/79 02801SCA 140/100
02801SCB 140/100 02801SDA 140/100
02801SDB 140/100 10101SGC 240/150
10101SGA 240/150 10101SHA 240/150

49



Part Number Price Range Part Number Price Range

10101SPA 240/150 10102SIC 240/150
10103SGC 220/138 10103SHA 220/138
10103SGA 220/138 10104SGC 220/175
10104SHA 220/175 10104SPA 220/175
10107SGC 245/175 10201SIC 200/168
10304SGC 230/170 11005SCA 230/170
11005SCB 230/170 11201SCB 230/170
11201SDA 230/170 11401SHA 298/130
I1402SGA 288/170 11402SGC 288/170
11703SXA 300/198 11704SYA 300/210
20302SEA 397/286 20302SEB 397/286
30001SAC 72/57 30001SCA * 72/51
30001SCB 72/57 30001SDA * 72/51
30001SDB 72/57 30002SCA 72/57
30002SCB 72/57 30002SDA 72/57
30002SDB 72/57 30003SAC 72/57
30003SCA * 72/51 30003SCB 72/57
30003SDA * 72/51 30003SDB 72/57
30004SAC 72/57 30004SCA * 72/51
30004SCB 72/57 30004SDA * 72/51
30004SDB 72/57 30005SAC 72/57
30005SCA * 72/51 30005SCB 72/57
30005SDB 72/57 30006SCA 72/57
30006SCB 72/57 30006SDA 72/57
30006SDB 72/57 30007SCA * 72/51
30007SCB * 72/51 30007SDB * 72/51
30007SDA * 72/51 30008SAC 72/57
30008SCA 72.57 30008SCB 72/57
30008SDA 72/57 30008SDB 72/57
30009SCA * 72/51 30009SCB 72/57
30009SDA * 72/51 30009SDB 72/57

+ 30103SEA * 72/51 + 30103SEB 72/57
+ 30103SFA * 72/51 + 30103SFB 72/51
+ 30106SEA * 89/51 + 30106SEB 89/57
+ 30106SFA * 89/51 + 30106SFB 89/57
+ 30109SEA * 72/51 + 30109SEB 72/57
+ 3G1O9SFA * 72/51 30201SCA * 77/62

30201SCB 77/68 30201SDA 77/68
3020ISDB * 77/62 30203SAC 77/70
30203SCA * 77/62 30203SCB 77/70
30203SDA * 77/62 30203SDB 77/70
30302SAC 72/57 30302SCA * 72/51
30302SCB 72/57 30302SDA * 72/51
30302SDB 72/57 30303SAC 72/57
30303SCA 72/57 30303SCB 72/57
30303SDA 72/57 30303SDB 72/57
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Part Number Price Range Part Number Price Range

30401SCA 77/68 30401SCB 77/68

3040ISDA 77/68 30401SDB 77/68
30501SAC 77/68 30501SCA * 77/51
30501SCB 72/57 30501SDA * 72/51
30501SDB 72/57 30502SAC 72/57

30502SCA * 72/57 30502SCB 72/57
30502SDA * 72/57 30502SDB 72/57
30605SAC 77/68 30605SCA * 77/57
30605SCB 77/68 30605SDA * 77/57
30605SDB 77/68 30701SEA * 77/57
30701SEB 77/68 30701SFA * 77/57
30701SFB 77/68 30702SEB 77/68
30702SFA 77/68 30702SFB 77/68
30703SEA 77/68 30703SEB 77/68
30703SFA 77/68 30703SFB 77/68

30901SEA * 77/62 30901SEB 77/68
30901SFA 77/68 30901SFB 77/68
30902SEA * 77/62 30902SEB 77/68

30902SFA * 77/62 30902SFB 77/68

30903SEA * 77/62 30903SEB 77/68
30903SFB * 77/62 30904SEA * 77/62
30904SEB 77/68 30904SFA * 77/62
30904SFB 77/68 30905SEA * 87/65

30905SEB 87/68 30905SFA * 87/68
30905SFB 87/65 30906SEA * 87/68
30906SEB 87/65 30906SFA * 87/60
30906SFB 87/65 31001SCA 72/57
31001SCB 72/57 3100ISDA 72/57
31001SDB 72/57 31002SCA * 72/51
31002SCB 72/57 31002SDA * 72/51
31002SD8 72/57 31003SAC 72/57
31003SCA 72/57 31003SCB 72/57
31003SDA 72/57 31003SDB 72/57
31004SCA * 72/51 31004SCB 72/51
31004SDA * 72/51 31004SDB 72/57
31101SEA * 72/57 31101SEB 72/62
31101SFA * 72/57 3110ISFB 72/62
31202SEA * 98/62 31202SEB * 98/62

31202SFA * 98/62 31202SFB 98/62

31507SEA 98/71 31507SEB 98/71
31507SFA 98/71 31507SFB 98/71
31508SEA * 98/66 31508SEB 98/71
31508SFA * 98/66 31508SFB 98/71
31509SEB * 98/66 31509SEA * 98/66
315J9SFA * 98/66 31509SFB 98/71
32201SEA * 77/62 32201SEB 77/66
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Part Number Price Range Part Number Price Range

32201SFA * 77/62 32201SFB 77/66
32202SEA 77/66 32202SEB 77/66
32202SFA 77/66 32202SFB 77/66
32203SEA * 77/62 32203SEB 77/66
32203SFA * 77/62 32203SFB 77/66
32204SEA * 66/62 32204SEB 77/62
32204SFA * 77/62 32204SFB 77/62

+ While still on the Quality Parts List (QPL), these parts
have not been made in three years. Prices are estimates
only.

• Competitors for these parts identified.

I
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Appendix B

Comparison of Part Costs
(Prices in dollars)

Microcircuits:

CLASS S PARTS Company A CLASS B PARTS
NUMBER 1 PRICE Price NUMBER 2 PRICE

11401SGC 260.00 01-108-4744 13.00
I1405SGC 260.00 01-168-0960 43.62
10103SGC 160.00 220/138 01-072-4073 3.19
10104SCA 205.00 01-095-4885 34.67
10104SGC 185.00 220/175 01-072-4074 17.36
10701SXC 260.00 01-104-5439 10.56
10304SGC 180.00 230/170 01-072-4075 12.75
11703SXC 220.00 01-156-7241 27.29
10107SGC 210.00 245/175 01-040-6377 9.49
11005SCA 210.00 230/170 01-238-5501 5.95
11201SCA 210.00 01-088-3862 6.31
10201SCA 190.00 01-089-8069 4.09
10201SIC 180.00 200/168 00-197-3361 8.21
10101SGC 175.00 249/150 00-167-6330 3.24
10101SCA 190.00 00-762-0633 3.39
10102SCA 190.00 00-007-4079 3.50
10102SIC 175.00 240/150 00-274-0200 3.47
10901SPA 190.00 01-069-3045 3.95
00104SDA 75.00 00-374-9915 4.57
00401SCA 75.00 78/58 01-078-7524 1.43
00105SCA 75.00 01-076-8391 1.77
00105SDA 75.00 00-434-1544 4.39
00801SCA 75.00 78/64 00-361-8732 3.89
00803SCA 75.00 78/64 00-369-9839 5.45
00803SDA 75.00 73/64 01-044-5797 19.77
00103SCA 75.00 78/58 01-076-8390 1.31
00205SDA 75.00 00-574-4361 4.66
33001SDA 75.00 01-235-3483 5.85
33301SDA 75.00 01-235-3485 6.29
33002SDA 75.00 01-235-3484 5.91
34001SDA 75.00 01-234-8716 4.68
33003SDA 75.00 01-231-5886 70.05
34002SDA 75.00 01-235-3486 5.56
33701SFA 75.00 01-192-8768 11.38
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CLASS S PARTS Company A CLASS B PARTS
NUMBER 1 PRICE Price NUMBER 2 PRICE

33004SDA 75.00 01-235-6963 6.99
33203SSA 75.00 01-232-1109 23.68
33501SDA 75.00 01-234-9309 7.08
34101SCA 75.00 01-186-8335 6.98
34101SDA 75.00 01-245-1740 38.85
02004SDA 85.00 98/82 01-030-6353 15.14
30001SCA 35.00 72/51 01-031-7030 1.67
30301SCA 38.00 01-248-2335 20.19
30002SDA 50.00 72/57 01-230-4552 3.31
30003SDA 40.00 72/51 01-091-4186 3.50
30004SCA 35.00 72/51 01-042-0369 1.60
31001SCA 39.00 72/57 01-171-2153 2.49
32301SCA 39.00 01-069-0419 2.17
30701SFA 64.00 77/57 01-067-4994 3.15
30702SEA 60.00 01-067-9804 2.85
31302SCA 79.00 01-171-2155 2.70
36001SEA 60.00 01-222-6089 8.08
30901SEA 60.00 77/62 01-249-8047 2.92
30903SEA 60.00 77/62 01-217-7201 3.09
30904SEA 60.00 77/62 01-059-0583 2.18
31503SFA 79.00 01-147-2230 4.94
31504SFA 79.00 01-075-7787 5.98
31512SEA 74.00 01-240-0494 4.63
30605SCA 70.00 01-238-5519 16.67
30605SDA 75.00 75/57 01-067-4993 7.37
30608SFA 75.00 01-161-4550 6.64
31509SEA 70.00 98/66 01-248-8630 43.45
31508SEA 70.00 98/66 01-248-8623 45.78
30007SCA 35.00 72/51 01-238-5520 22.64
31003SCA 35.00 72/57 01-171-2154 2.86
32401SRA 76.00 01-093-8823 4.90
32403SRA 76.00 01-086-7634 4.58
32403SSA 84.00 01-247-9003 12.00
30906SEA 60.00 87/68 01-238-5522 16.90
31603SEA 60.00 01-103-0605 3.89
30302SCA 35.00 72/51 01-238-5521 2.53
32501SRA 76.00 01-248-8632 14.39
30501SCA 37.00 72/51 01-171-2152 2.82
30501SDA 40.00 72/51 01-071-1879 3.13
32201SEA 60.00 72/62 01-248-8631 41.65
32502SRA 76.00 01-249-2375 116.39
30102SCA 55.00 01-203-7282 61.42
o7001SCA 46.00 01-021-5875 3.38
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CLASS S PARTS Company A CLASS B PARTS
NUMBER 1 PRICE Price NUMBER 2 PRICE

07003SCA 51.00 01-026-2489 3.74
07102SEA 58.00 01-058-7980 5.91
07006SDA 47.00 01-026-8821 1.61

TOTAL =7,808.00 TOTAL 1,013.24

1 -M38510 Slash Sheet Number 2 -National Stock Number



Semiconductors:

CLASS S PARTS CLASS B PARTS
NUMBER I PRICE NUMBER 2 PRICE

JANSIN3595 19.00 01-127-6139 1.39
JANSIN3893 25.00 01-123-2985 6.95
JANSIN4148-1 15.00 01-228-5606 2.43
JANS1N4150-1 18.00 01-074-4618 .44
JANSIN4153-1 15.00 01-251-5681 24.42

JANSIN4460 22.00 01-130-9213 7.67
JANSIN4461 22.00 01-199-0384 2.78
JANSIN4469 22.00 01-178-8252 2.78
JANSIN4954 20.00 01-123-2974 2.06

JANSIN4955 20.00 01-128-9130 2.83
JANSIN4959 20.00 01-175-5159 12.63
JANSIN4961 20.00 01-128-3821 3.08
JANSIN4962 20.00 01-023-3459 2.78
JANSIN4964 20.00 01-023-3460 2.73
JANSIN4968 20.00 01-123-2975 2.86
JANSIN4971 20.00 01-023-3446 3.23
JANSIN4973 20.00 01-123-4707 3.23
JANSlN4976 20.00 01-207-0940 3.64
JANSIN4979 20.00 01-123-4704 4.14
JANSIN5417 24.00 01-228-5605 10.80
JANSIN5419 24.0 01-023-3451 1.67
JANSIN5551 22.00 01-123-2983 1.08
JANS1N5616 19.00 01-115-7392 1.31
JANS1N5617 19.00 01-123-2990 1.19
JANSlN5619 19.00 01-101-2347 1.25
JANSIN5806 22.00 01-104-4043 3.97
JANS1N5811 25.00 01-150-1792 14.41
JANSlN746A-1 20.00 01-228-5601 13.50
JANS1N747A-1 20.00 01-193-8517 1.54
JANSIN748A-1 20.00 01-171-5830 .59
JANS1N749A-1 20.00 01-234-2938 .63
JANSIN751A-1 20.00 01-161-9490 .68
JANSIN753A-1 20.00 01-166-8991 .83
JANS1N754A-1 20.00 01-131-0261 1.06
JANS1N757A-1 20.00 01-157-0288 1.05
JANS1N758A-1 20.00 01-115-6668 1.83
JANS1N759A-1 20.00 01-175-8446 1.43
JANS1N965B-1 20.00 01-162-0470 .8i
JANS1N967B-1 20.00 01-196-1755 .64
JANS1N968B-1 20.00 01-193-8530 .95
JANS1N969B-1 20.00 01-197-4194 4.46
JANS1N972B-1 20.00 01-193-8528 2.65
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CLASS S PARTS CLASS B PARRS
N4UMBER I PRICE NUMBER 2 PRICE

JANSIN972B-1 20.00 01-193-8528 2.65
JANSIN829-1 30.00 01-193-8513 9.06

JANS2N2060 25.00 01-213-4396 6.40
JANS2N2222A 15.00 01-005-9891 1.60
JANS2N2369A 17.00 01-022-6846 1.79
JANS2N2432A 25.00 01-022-6849 5.07
JANS2N2484 17.00 01-022-6847 1.90
JANS2N2605 25.00 01-123-4701 12.83
JANS2N2857 35.00 01-023-3438 2.87
JANS2N2905AL 20.00 01-131-4824 38.53
JANS2N2907A 15.00 01-019-4947 1.54
JANS2N2945A 25.00 01-022-6851 3.44
JANS2N3251A 15.00 01-245-1504 10.00
JANS2N3421 50.00 01-050-7903 4.30
JANS2N3467L 22.00 01-221-1736 4.27
JANS2N350iL 25.00 01-026-2573 3.24
JANS2N3507L 25.00 01-022-6852 6.95
JANS2N3637L 25.00 01-023-3437 3.62
JANS2N3700 30.00 01-023-3435 1.84
JANS2N3763 30.00 01-128-3812 15.37
JANS2N3741 40.00 01-051-5791 4.60
JANS2N3749 70.00 01-123-1543 9.88
JANS2N3866A 60.00 01-123-2429 2.45
JANS2N3868 40.00 00 -501-0772 12.47
JANS2N3997 110.00 01-121-6695 18.93
JANS2N4033 20.00 01-183-6503 7.24
JANS2N415- 45.00 01-123-4700 6.94
JANS2N4261 30.00 01-181-4823 15.13
JANS2N4416A 25.00 01-058-6627 3.21
JANS2N4856 25.00 01-123-2966 2.96
JANS2N4857 25.00 01-050-7043 1.44
JANS2N4858 20.00 01-165-2735 6.95
JANS2N4957 50.00 01-128-9129 3.70
JANS2N5237 40.00 01-186-9423 40.14
JANS2N5664 45.00 01-132-8731 15.95
JANS2N5665 45.00 01-193-5721 20.52
JANS2N6758 50.00 01-203-1177 24.00
JANS2N6764 50.00 01-175-8438 91.28
JANS2N6766 50.00 01-179-7197 83.85
JANS2N918 50.00 01-019-4951 2.90

TOTAL = 2,213.00 TOTAL = 670.66

1 - Part Reference Number 2 - National Stock Number
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Appendix C

Problems with ORACLE

The data tapes for ORACLE and the five systems data

bases were loaded on the AFIT Classroom Support Computer

(CSC) system to run the ORACLE program. Immediately

problems arose in running the program. The VAX operating

system for the CSC was not configured in a way the program

could operate properly. Janet Skerkoski, the CSC system

manager contacted RADC and found out what commands had to be

set up for the program to run.

However, additional problems arose. First, the program

and data base were very large, over 35,000 blocks. The disk

allocation for the user account was raised to 50,000 blocks

to hold the data and operate the program. Next, the program

still wouldn't run until more trouble-shooting discovered

additional changes in the users "login" file had to be made.

For example, the program and the data files had to be in

the same subdirectory. When these changes were made the

program would run, i.e., the ORACLE program menus would

appear and could be scrolled through, but two more problems

occured. Calculating the original MTBFs on some of the

systems took so long the Gandalfs (modems) would automa-

tically log the user off the CSC after 30 minutes (an

automatic time-out). A hard wire terminal was installed to

correct this problem. However, when the parts were
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attempted to be changed from class B to class S the ORACLE

program often did not recognize the system in question had

those parts to be changed. The parts were finally changed

using the VMS editor on the data base rather than the ORACLE

program editor. But when the program was set to calculate

the new MTBFs, either it would never calculate them (just

run in an infinite loop) or it would break out of the

calculations with an error message and the MTBF it had

calculated would only be the MTBF up to the point of the

error. Mr. Lyne of RADC attempted to fix these problems by

logging in on the CSC, but was unable to find the causes.

Ms. Skerkoski and Mr. Lyne decided there were at least

three sources of the problems. One, ORACLE requires a very

large amount of memory to run beyond the initial space it

takes up. A large number of intermediate files are created

during the calculations which exceeded the block allocation

and caused the CSC to stop the work. Second, the ORACLE

program was coded for a mainframe and re-coded for operating

on a VAX when RADC decided to give the program to SPOs and

contractors. As a result, there are probably several bugs

still in the code. Mr. Gill Wagner of ASD/ENSI, which runs

ORACLE on a VAX, verified the large number of problems he

has had trying to get ORACLE to run, including program bugs.

Finally, the version of the VMS operating system ORACLE was

supposed to run under was different than the CSCs version of

VMS (version 4.5). VMS versions are compatible, but small
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differences can sometimes cause problems. Most of these

were fixed, but some problems have remained.

Mr. Lyne decided with all the problems of running

ORACLE on the CSC that he would do the part substitutions

and MTBF calculations on the mainframe at RADC. He was able

to do the work in one afternoon.
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